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1.0 Introduction  
In the past ten years research into, and the use of, small-sized devices has increased 
rapidly, highlighting micro-technology as a strong economic driver in the 21st century. 
Market research shows not only rapid annual growth in this sector but also trend 
predictions for its further development. Research and Markets (2013) forecast that the 
microfluidic device market ‘will grow swiftly, from $1.4 Billion in 2013 to $5.7 Billion 
by 2018’. According to Bhushan (2007) “Microfluidics covers the science of fluid 
behaviours on the micro-/nano-scales and the design engineering, simulation, and 
fabrication of fluidic devices for the transport, delivery, and handling of fluids in the 
order of microliters or smaller volumes”. 
Although, the initial development of microfluidic devices can be dated to the late 1980s 
(Tay, 2003) work on design methodologies for this area is still relatively immature. In 
the past, designers have sought to adapt approaches used in other domains. However, 
due to differences between domains, this adaptation has fallen short of expectations 
(Albers, Marz & Burkardt, 2003). Moreover, a generic design concept in this area has 
not been developed (Hardt, 2005). 
Research has proved that companies with formal NPD (New Product 
Development) processes are more successful (Martin and Horne, 1992). Therefore, the 
development of a design methodology for microfluidic devices is a necessity. 
Society is shifting towards an ‘experience economy’ (Tukker, 2004). This 
transformation could be observed in the 90’s in the USA (Wise and Baumgartner, 
1999). Researchers identified “that in many manufacturing sectors, revenues from 
downstream activities represent 10 to 30 times the annual volume of the underlying 
product sales” (Wise and Baumgartner, 1999). Hence, organisations begin to focus on 
providing services required for operation and maintenance of products. It has also been 
found that improved profitability and customer retention is also possible through the 
pursuit of a service orientation (Voss, 1992). The degree to which a manufacturing 
organisation concentrates on services depends on the selected approaches. The most 
popular service-oriented approaches are: DFS (Design for Service) (Teresco, 1994; 
Raplee, 1999; Huang, 1996), PSS (Product Service System) (Manzini & Vezzoli, 2002, 
Morrelli, 2002; Mont, 2002; Tukker & Tischner, 2005, 2006) and SOD (Service-
Oriented Design) (Quartel, Dijkman & van Sinderen, 2004). Though, none of these 
service-oriented approaches are considered suitable for microfluidics. DFS is restricted 
to consideration of only one aspect of design (services – mainly maintenance and 
repair). The PSS approach focuses on organisational changes rather than design flow. 
SOD, as a formal approach, is focused on IT (Information Technology) and software 
development, and only its general principles (Sorofan, 2008) may be of benefit to 
microfluidics. 
Orienting the design of microfluidic devices towards services can help bridge 
the gap expected to be faced by this domain. No single definition of service oriented 
design has emerged so far though the offering from Ueda (2009) is particularly pertinent 
‘Service-oriented Design – is a design which supports human centred development by 
imagining future lives, creating scenarios of services desired by customers and 
designing products on the basis of this approach’. The authors of this research put 
forward the following definition in the development of this work ‘Service-oriented 
Design – is a design which supports the development of a ‘bundle’ of products and 
services. It incorporates thinking of services and service-based development, leading 
towards services as an outcome or part of the outcome’. 
The increasing complexity of microfluidics (Chatterjee, 2003) has a negative 
influence on their modelling and micro-architecture in terms of testability and 
manufacturing cost (Bose, Albonesi & Marculescu, 2003). This research focuses on 
sub-section interactions in microfluidics. Since a direct definition of sub-section 
interactions could not be found, the development of a suitable definition for this 
research is proposed, by combining the terms ‘sub-section’ and ‘interactions’, which 
resulted in following: Sub-section interactions are understood as relations between 
modules of the device and their interoperability. 
Although research has indicated that micro-scale devices are usually 
characterised by a high degree of integration of functionalities and components (Tietje 
& Ratchev, 2007) and that these interactions among parts and sub-sections play a large 
role in the micro-design process (Albers, Oerding & Deigendesch, 2006), an adequate 
description of this influence and its characteristics has not been identified in the 
literature. Schabmueller et al. (1999) partially introduced an approach to deal with sub-
section interactions. Seeking to develop integrated microfluidic systems, they came up 
with the concept of a microfluidic circuit board as a physical product that allows the 
connection of different systems together to create one multifunctional device. Shaikh et 
al. (2005) claimed that existing microfluidic systems often use a monolithic approach, 
where all of the elements in the device are integrated into a single chip. In their opinion, 
this leads to compromised functionality in the manufacture of the device. Also, the 
majority of devices are planar, which creates a need for elaborate channel routing to 
interconnect components. To overcome these issues, they proposed non planar (3D) 
modular systems. In addition a number of researchers underline the movement of 
microfluidics towards modularity (Castellino, 2004, Fitzgerald, 2003, Gilde et al. 2005, 
Grodzinski et al. 2003, Grodzinski et al. 2004, Miserendino, 2007, Miserendino and Tai, 
2008). 
Several design models have been identified for microfluidics. However, they are 
all focused on restricted types of microfluidic devices and have dealt only with issues 
particular to such designs. For example, Lin and Cheng (2009) presented a design 
methodology for digital microfluidic biochips focused on pin-count reduction. This 
methodology is technology driven, presents only the detailed design stage, and is not 
transferable to other types of device. In later work these authors enhanced their work by 
cross-contamination awareness; however, the limitations highlighted with their first 
model still stand (Lin and Cheng, 2010). Similarly, Cortes-Quiroz, Zangeneh and Goto 
(2009) presented what they named a design methodology for staggered herringbone 
mixers. Their approach, however, not only is driven by technology but also appears as a 
’design optimisation methodology’ - and not a ‘design methodology’. 
Only one model has been identified in the literature as being developed 
specifically for the microfluidic domain with the potential for application to a variety of 
devices. Chakrabarty and Su (2005) developed their own ‘top-down’ methodology for 
design of biochips. They selected a top-down approach as useful on the system level for 
the microdomain to speed up the design cycle and reduce human effort. This framework 
is also discussed in a number of additional works (Chakrabarty & Zeng, 2005, Su, 
Chakrabarty & Fair, 2006). They underlined that this model allows for physical-level 
simulation and design verification at the component level, by incorporating detailed 
information about elements of the device. When the physical verification is 
accomplished, a digital design of the device can be sent for production. 
Chakrabarty and Su (2005) claimed that in comparison to the full custom design 
a methodology developed for designing integrated circuits by specifying the layout of 
each individual transistor and the interconnections between them (Allen, 2005) and 
bottom-up design methods, the methodology outlined above not only reduced the design 
cycle time and redesign efforts, but also increased efficiency by dealing with design-for-
testability (DFT) and design-for-reliability (DFR) issues. However, they also underlined 
a number of improvements required for this methodology to be effective. In the main, 
these consisted of enhancing the synthesis tools for better quality and accuracy of the 
simulation and of the design result itself, as well as automation of the design process. 
They also supported the creation and use of design rules particular to microfluidics in 
order speed up the development. 
2.0 Methodology 
The task of capturing microfluidic design in practice has been approached without the 
use of preselected methods for the entire process. Selection of each technique used has 
been a direct result of data analysis from the previous investigation stage. Therefore, the 
following techniques have been used: literature review, web/brochure analysis, survey 
and interviews. Based on the results from the literature review and web/brochure 
analysis further field investigation was been viewed as a necessity, this investigation 
took the form of a survey.  
The survey has been performed using a semi-structured questionnaire for 
industry and academia to allow for the comparison of responses. A semi-structured 
approach has been selected to allow designers to express freely their opinions. Key 
companies and research institutes in the microfluidic area were contacted and asked to 
complete the survey. With the aim of establishing good contacts, and with respect to the 
time required from the respondents, only questions viewed as necessary and justified 
have been incorporated into the survey. The questionnaire was developed by the authors 
based on literature investigations and results from the initial investigation of companies’ 
offerings from the microfluidic domain. It was evaluated using a piloting session before 
it was distributed among respondents. An outline of the questionnaire is included in 
Appendix A. The survey results were analyses according to the methodology outlined in 
Figure 1. 
 Figure 1: Survey results analysis methodology 
After evaluation of the questionnaire, small adjustments were made to make it 
clearer for respondents. The survey was named “Microfluidics – design, services and 
modularity” to reflect its three core sections. These sections were: design methodology, 
service-orientation of products and sub-section interactions. In addition to the survey a 
set of interviews were also completed. The interviews were designed to follow up on the 
analysis of the survey stage responses. The interviews were conducted using semi-
structured questionnaires, personalised for each interviewee. These questionnaires have 
been developed based on the survey responses given by an interviewee in comparison 
with responses obtained from other respondents. Comparison between answers from 
various respondents allowed the authors to establish a list of issues discussed - 
commonly and individually. This list has been used as a base when preparing each 
questionnaire by comparing it with responses given by a potential interviewee in the 
survey. A total of 13 respondents completed the questionnaire and 16 respondents were 
contacted to participate in the interviews. Figure 2 provides more detail on the 
methodology used to analyse the interview results. 
  
Figure 2: Interview analysis methodology 
3.0 Design Methodologies and Models 
The survey and interviews confirmed that people working on microfluidic device design 
are not familiar with any formal methodology for design and development of such 
devices. They do not recognise a general methodology for the domain which could be 
widely applied. Rather, their work involves using their own in-house developed method 
on a project by project basis. This investigation confirmed the indications from 
literature in that the design of microfluidic devices is case dependent (confirmed by 
77% - 10 out of 13 respondents). This case dependence is visible in a number of factors 
which characterise microfluidic design and in the implicit processes used for it. 
Due to the lack of developed design processes and methodologies for design of 
microfluidics, a number of models have been extracted from practitioners’ responses. 
These models are presented in this paper.  Varying amounts of information can be 
derived from the models based on their source, survey or interview; therefore, models 
have been split into these two categories for reader convenience. 
3.1 Models identified via survey 
The survey allowed for extraction of three design processes from respondents’ 
answers. The amount of information in these models is limited. Design processes in 
the survey were not elaborated by respondents, but only indicated or briefed. 
Extracted models are presented according to the time order in which they were 
obtained. 
3.11 Model 1 
The first model (Figure 3) presents the end-to-end design process. It does not 
include afterlife of the product which, in the case of the majority of microfluidic 
devices, is omitted due to their disposability.  This process includes the method and 
the source of the input data, as well as the form of the output. It presents the logical 
transfer between the stages when an input for one phase is an output from the 
previous one. Moreover, it represents crucial fabrication considerations at an early 
stage of design. This model shows customer involvement in the decision making 
process and simulation. Evaluation of the design itself is based here on the 
simulation results using FEA (Finite Element Analysis) and CFD (Computational 
Fluid Dynamics) tools. The output of the process is the design sent for fabrication 
in the organisation of the respondent or, as in many cases as mentioned by 
literature, in microfluidic foundry. This model seems straight forward; however, it 
incorporates iteration inside the steps whenever obtained results do not meet the 
objectives. 
 
  
 
Figure 3:  Microfluidic design models extracted from the survey - Model 1 
3.12 Model 2 
Model 2 (see Figure 4) is the most succinct of those extracted - it appears as just a 
part of the design process, input and output are not specified here. Iteration is 
  
Figure 4: Microfluidic design models extracted from the survey - Model 2 
 
incorporated inside the stages; however, there is no indication of decision making 
instances. This process does not present any specifics of microfluidics. Not only is 
it without technological focus, it does not even indicate fabrication consideration 
needs. This is not a design process, but rather a set of general tasks which are 
completed in every design and which can fit every product. 
3.13 Model 3 
The last model extracted from the survey responses (see Figure 5) presents a five 
stage iterative design. Model 3 does not present the end-to-end design process. 
Although it indicates input to the process, it does not specify how to obtain it. 
Phases are named in relation to their outputs or milestones. An exception is the last 
stage which involves not only the action type description, but also the iterative loop 
to the beginning of the process. This process indicated that a design is selected 
based on the CFD simulation results. This model does not explicitly highlight 
technology considerations in any design stage. Also, it is rather generic and does 
not present a flow between phases.  
 
 
Figure 5: Microfluidic design models extracted from the survey - Model 3 
 
The visualised models present approaches for microfluidic design at various levels 
of detail and scope. Only one of them is constructed in a fluent manner, allowing 
understanding of how different phases of work are interconnected to develop a 
device. The variation of the models underlines the case dependence of microfluidic 
design. From the obtained answers regarding design of microfluidics, three models 
were extracted and only a limited amount of information was visualised using them.  
3.2 Models identified via interviews 
To deepen the knowledge on this topic and get a clearer view on it, a set of 
interviews were also conducted with practitioners. Interview techniques, such as 
face to face and phone interviews using semi-structured questionnaires, permitted 
clarification during information acquisition, and by this, increased accuracy and 
reliability.  
  
Figure 6: Microfluidic design models extracted from the interviews - Model 1 pre-
design 
 
Organisations have various methods to approach the design. One of the factors 
influencing design approach is the sponsorship of the project. The participant of the 
first interview underlined that in many cases, an additional pre-design stage is 
necessary before a decision on accepting the project can be undertaken. Moreover, 
microfluidics should be only developed when they are the answer for a particular 
issue. This pre-design process is presented in Figure 6. It can be observed that this 
part of the process also requires knowledge and domain understanding to make 
decisions regarding the suitability of the approach, and whether the organisation 
possesses sufficient resources for project realisation. Even before a project is 
agreed on, the engineering team is involved in the decision making process in a 
broad context. 
  
Figure 7: Microfluidic design models extracted from the interviews - Model 1 
 
The design process model is presented in Figure 7. The process is divided into two 
stages: project identification and design stage. The first part is considered crucial 
due to the fact that all decisions made at this stage will be executed in the second 
part, and any iteration should take place here. There are a number of requirements 
regarding people involved in the design process – their knowledge, competence, 
background and, most of all, experience. Use of concepts at the early stage of 
design is automated by usage of a standard method – rational scoring - and creative 
thinking is encouraged by using brainstorming sessions. However, additional 
changes in the concepts are allowed, based on their examination using feasibility 
studies and incorporation of fabrication consideration at the early stage of design 
(sometimes before the project is undertaken). The presented model is an end-to-end 
design process. Inputs and outputs are specified in terms of the data ownership and their 
form. Phases described as ‘Alpha’ and ‘Beta’, are detailed design stages in which 
calculations and modelling are taking place. Both of them are case dependent, which makes 
it difficult to describe them if the organisation is developing various types of microfluidic 
device. This process does not underline the necessity of simulation as a decision making 
stage, but instead puts focus on prototyping. Involvement of the customer in this process is 
not visible throughout, but only at the first and the last step. 
3.21  Model 2 – Interview 
The second model also presents an end-to-end design approach (see Figure 8). It 
specifies the type and source of input data, as well as output. It underlines that 
microfluidics is not an answer for every design problem and should not be imposed as 
one.  This process involves the customer in the design, at least at the milestones, which 
are established by the designer rather than by the client. The outlined model appears 
straight forward. It does not underline the importance of iteration, which should be 
minimised due to costs. Also there is a lack of focus on simulation, which is replaced by 
prototyping as the evaluation method for the device. The interviewee is using model 
based design as the detailed design stage, which is not described more fully here due to 
its case dependence. 
  
Figure 8: Microfluidic design models extracted from the interviews - Model 2 
This model also incorporates a requirement for knowledge and a deep 
understanding of the area regarding collection of the protocol related information, 
selection of the platform for the development of the device and the design itself.  
3.22 Model 3 – Interview 
  
Figure 9: Microfluidic design models extracted from the interviews - Model 3 
The third model (see Figure 9) acquired is the shortest obtained from the interviews. It 
presents a five-stage approach for designing microfluidics. This process is not 
developed as an action specific set of stages. It consists of steps and data considered by 
the participant as crucial for microfluidic development. It is not an end-to-end design 
process. It does not incorporate specified input and there is no clarification on how and 
from where data are obtained; in addition, the output is not clear. There is no 
specification of the output form and details of how the product will be validated. This 
model underlines the importance of technology consideration in microfluidic design. It 
confirms the fabrication driven approach to design, claimed by literature. 
Manufacturing details such as necessity to avoid sharp edges, corners, consider surface 
quality for possible blockage of the fluid, and change in its behaviour, drive this 
process. The main difference between the macro- and microfluidics, which is 
highlighted by the Reynolds number, is explored here to understand basic fluid 
behaviour that is expected from the device under consideration. This model also 
underlines the requirement for deep domain understanding and knowledge about fluid 
behaviour at a micro scale, which has to be supported by experience due to limited 
understanding of the area. 
3.23 Model 4 – Interview 
The fourth model presented consists of two variants. Variant A (see Figure 10) presents 
the design process that is usually employed when the participant is designing to prove a 
principle. This means that the device is novel, does not exist in the market, and 
therefore, its performance is unknown. Even in these cases, existing products and 
functionalities previously developed are investigated to avoid reinventing the wheel. 
Variant A model presents the end-to-end (no product afterlife phases) design approach. 
It specifies input and output in terms of its form. Also in this model, simulation is 
replaced by experiments and prototyping, due to the inability to accurately model 
behaviour of fluid in micro-scale, especially when principles are under investigation. 
The presented development process is focused on the functionality of the device under 
development. 
  
Figure 10: Microfluidic design models extracted from the interviews - Model 4A 
 
Although technological consideration in terms of the fabrication process does 
not appear explicitly, every time hardware is mentioned, manufacturing is also brought 
into view. Therefore, this process is considered as technology driven. It focuses on the 
testing of elements. It starts as a top-down approach and uses a bottom-up approach for 
validation to meet specifications.  
Variant B (see Figure 11) presents an approach in which the device is developed 
by request of the customer order. These types of device usually do not require proving 
principle investigations; therefore, they take less time and the investigation process is 
less expensive. However, some devices can incorporate elements which are novel, 
require novel functionality or solutions. The cost of an investigation then increases, and 
the path followed in variant A takes place. When the device is just a combination of 
functionalities developed previously, the design process is simplified. 
 
 
Figure 11: Microfluidic design models extracted from the interviews - Model 4B 
 
The variant B underlines projects for which simulation is considered as justified. 
Due to cost of simulation and often mismatch with experimental results obtained, this 
step is omitted when the design is considered simple. More complex devices 
(combination of various functionalities etc.) are often simulated to minimise cost of 
variations in prototype developments such as manufacturing cost for complicated 
moulds. Both variants underline the importance of prototyping, especially variant B. 
Experimentation is considered crucial, as well as knowledge and experience of the 
designer working on the microfluidic development. 
3.24 Model 5 – Interview 
The last model extracted from the interviews is presented in Figure 12. This process is 
microfluidics specific. It also presents the end-to end (no product afterlife phases) 
design process. Methods of obtaining specifications were clarified, as well as an input 
and an output form. This process is focused on generalisation and automation; these 
targets are to be achieved through the use of unit operations providing basic 
functionalities. In this manner, modularity is helping to reduce the development time for 
future designs.  
 
  
Figure 12: Microfluidic design models extracted from the interviews - Model 5 
As in previous models, the importance of prototyping and testing is underlined. 
These experiments are used as a validation method for comparison with specifications. 
In contrast to other processes in Model 5, testing appears after manufacturing due to the 
use of a foundry at the manufacturing stage, which creates demand for confirmation that 
devices are of good quality and no faults are incorporated when scaling up production. 
Model 5 presents a bottom-up approach to design and development of the 
product from detail to architecture level. This approach, although considered as 
beneficial for evaluation in literature, has been underlined as harmful for design of 
micro-scale devices, due to the fact that the whole device often did not perform 
according to a standard or did not provide the required functionality.  
 
4.0 Services and Microfluidic Device Design  
A view on microfluidic organisations practice in terms of services has been obtained via 
the survey and by follow-up interviews. Results of this investigation contradict 
literature as the issue of services was hardly mentioned. However, this contradiction has 
been restricted due to the fact that only limited consideration is paid to services by 
microfluidic practitioners. 
Although the importance of services in microfluidics’ future has been underlined 
by all respondents, and 53% of them stated that their products are designed as a set of 
functions with focus on performance, 65% claimed to consider utilities in the design 
process and 70% to incorporate service thinking in the design; a confirmation of these 
claims could not be obtained. This lack of service presence can be observed in the 
microfluidic design models identified in the previous section.  
 
From the survey 59% of respondents’ organisations offer utilities for 
microfluidic products, which confirm the initial investigation’s finding regarding higher 
maturity of the area in terms of services. But types of service consideration in terms of 
offerings for microfluidics were restricted to the support of support more complicated 
equipment with software, maintenance and repair for platforms (not disposables) and 
design services for microfluidics. 
Due to the fact that the majority of microfluidic devices are designed as 
disposable, and a high percentage of their application is in the medical domain where 
contamination is a sensitive and important issue, consideration of the product life after 
sale is minimal. Regulations discourage the majority of organisations from taking any 
responsibility for collecting and disposing of used devices as a service. Therefore, users 
are solely responsible for this, and the service opportunity is not explored.  
The design services offered are identified by providers as very flexible and 
customisable. They are developed based on a business plan in the majority of 
organisations. Not all organisations view flexibility in the same way. In a few cases, 
flexibility and customisability means selection from a catalogue, i.e. choice from 
provided options such as dimensions, production, and flow. 
Issues connected to both monolithic and modular approaches, and identified as 
critical for microfluidics, are sub-section interactions and, more precisely, interfaces. 
Although people underline the importance of this issue, they fail to address it properly. 
Although 70% (7 out of 10) of respondents work in organisations which influence sub-
section interactions, only 22% (2 out of 9) confirm familiarity with methods to deal with 
it. Organisations lack established methods to assess interfaces. Some of them are trying 
to standardise interfaces of products and operation units inside them, to provide a base 
for fast reconfiguration and add-ons. However, this situation is rare. More often, 
organisations limit themselves to minimise the number of interfaces leading to 
integration. One of the methods to deal with this issue is usage of connectors. These 
elements evolved from a simple need for leakage proof fluid channelling and as a result 
forced organisations to develop common interfaces which allow for interchangeability. 
Organisations do not provide any other service type offerings. Leasing of 
microfluidics, in their opinion, is too risky (contamination), and scientific contracts 
(outside research) are considered as beneficial only by a small number of respondents. 
70% of respondents claimed to incorporate service thinking in the design, but the 
majority of them tended not to consider potential add-ons for their products, which may 
create service opportunities. According to a majority of respondents, any work beyond 
providing basic functionality to the device is not considered. Only a limited number of 
organisations incorporate add-on considerations as actions in their design process, and 
when doing so, they focus on interfaces: within the product and with the environment, 
on both micro- and macro- scale. Given the described characteristics, the presence of 
services and service-thinking has been recognised in the area - although, the full 
potential is not exploited. 
 
5.0 Discussion   
 
The use of both survey and interview techniques has allowed the authors to obtain a 
broader perspective of the issues concerning design practices for microfluidic devices. 
In addition views on the incorporation of service offerings with such devices have been 
investigated along with the effect of sub section interactions on microfluidic device 
designs. Exploration of the current practice of microfluidic design showed a lack of use 
of formal design methodologies. A general design process to be applied across the 
domain has not been identified; although the requirements for standardisation and 
automation demanding it were clearly stated. Design models, when extracted, vary in 
details. However, all models identified were driven by technology and, more precisely, 
fabrication. 
A number of factors influencing design – such as limited knowledge about 
particular aspects of microfluidics (e.g. behaviour of certain liquids) multidisciplinary 
team, hands-on experience - have been identified as necessary for inclusion but missing 
in some of the existing approaches. Results of an investigation of service practice in the 
microfluidic domain contradicted the limited volume of literature regarding this topic. 
Service offerings for microfluidics have been identified as existing and going beyond 
‘manufacturing for others’ and ‘designing for others’. Although the presence of a 
limited number of services has been noted and no pattern across them discovered, their 
existence provides an indication that practitioners are making steps outside of purely 
technological development, and that the first step towards an ‘experience economy’ in 
this area has been taken. Nevertheless, no service-orientation has been identified in the 
design processes in the domain. The importance of services and service connected 
considerations has been acknowledged by practitioners, but this could not be confirmed 
in the description of their work. Moreover, a negative attitude towards offerings outside 
the traditional scope has been recognised in many cases.  
Similarly, the topic of sub-section interactions has been identified as crucial by 
practitioners. However, the ways in which they try to tackle this concept have been 
inadequate given the importance of the issue. A limited number of informal methods 
have been identified, but none of the practitioners were able to indicate any formal 
method used by their organisation to deal with aspects of sub-section interactions. The 
move towards standardisation has been identified as a common factor in the domain; 
however, organisations are attempting to standardise using a variety of methods. One of 
the important aspects of sub-section interactions, according to practitioners, is the 
interface - between components/modules and with the environment. Moreover, this 
issue can provide a method to address sub-section interactions’ impact by moving 
towards standardisation. 
 
6.0 Conclusion 
 
The microfluidic domain has been identified as more mature than the limited volume of 
literature available on it would suggest. An overlap of service-orientation, sub-section 
interactions and design methodologies has not been identified explicitly and/or 
implicitly. However, the importance of all three subjects has been underlined by 
practitioners. Due to the high customisation potential of microfluidics and promising 
forecasts of this area’s financial prospects the indications are that the movement 
towards an ‘experience economy’ has already started in this domain. Although sub-
section interactions have been identified as crucial for microfluidics, formal methods to 
address this area were not identified in the domain.  
 
7.0 Recommendations 
 
Development of standard connectors and interfaces minimise the types of interactions 
which can occur and, hence, simplify the design. To this end there should be a focus on 
the interfaces and development of standard elements. The development of a ‘pick and 
play’ type of database detailing available microfluidic modules may also help address 
the issues posed by sub-section interactions. mService-orientation can be addressed in 
microfluidics by the incorporation of service considerations into the design process. 
However, this incorporation needs to be done in a flexible manner, taking into account 
the reluctance of potential users to go ‘out of their comfort zone’ (new type of offerings) 
and various levels of organisations’ maturity in terms of services and the service 
foundation possessed by them (service type offerings, delivery systems in place, service 
planning processes, etc.). In future research the authors plan to explore the microfluidic 
domain from the customers’ point of view. This service based approach will include the 
categorisation of services demanded and types of offerings most likely to attract 
customers. In addition the area could benefit from a set of rules for the selection of the 
most suitable manufacturing method for particular types of microfluidics. 
Appendix A:  
 
Outline of Survey Questions 
This appendix provides an outline of the survey sections and a sample of the questions 
used. 
 
Design Methodology section 
This section checks the familiarity of the respondent with any design methodology for 
microfluidic devices. This methodology can be formal in which case the name of it will 
be sufficient for identification or can be created ‘in house’ or as a result of modification 
of existing literature approaches in which case the description of the method will be 
necessary. 
This section includes questions such as:  
 Did you follow any particular methodology when designing microfluidic 
device(s)?  
This answer provides information on whether the respondent is familiar with any 
design methodology for microfluidic devices. This methodology can be formal 
in which case the name of it will be sufficient for identification or it can be 
created ‘in house’ or as a result of modification of existing literature approaches 
in which case a description of the method will be required. 
 Do you develop more than one type of microfluidic device? 
Selection of this question is based on the possibility of more than one type of 
microfluidic device being offered by the organisation. To avoid any 
misunderstanding the indication of the most well established design is requested. 
 Were the customers involved in the design process? 
There is no indication about customer role in the design of microfluidic devices. 
This question provides answers on the involvement of the customer and requests 
additional information such as: which stages, what type of involvement and what 
input was provided by the customer. 
 Did you use any methods to capture customer needs and expectations from the 
product? 
This answer provides an insight into the methods used to capture customer needs 
and expectations. It shows if the design practice is more oriented towards 
customer or technology, as indicated by literature. 
 Please describe the design process for this device step by step? 
Each design process is unique in some aspects. Regarding various factors which 
designers can and cannot influence a description of the followed design path for 
a particular microfluidic device is requested. 
 
Service-orientation of products section 
This section asks about the service orientation inherent in the respondent’s microfluidic 
products. 
This section includes questions such as:  
 Does your company offer any services with microfluidic products?  
Regarding the lack of information about services in literature this question is the 
first to be asked in this section. 
 Did you incorporate services (service thinking) into the design process? 
Service thinking in the design differs from thinking about services as utilities.  
 In your opinion how important are services in today’s microfluidic market and 
how important will they be in the future? 
This question captures companies’ views on services in the microfluidic domain 
in terms of utility and movement toward functionality offerings. The answers 
show if the area is more mature in the industry than in academia or services are 
still not considered, even as a future direction. 
Sub-sections interactions section 
This section identifies if the respondent has first-hand experience of dealing with 
modular designs. If a respondent is able to answer the questions in this section a 
possible follow-up interview could be used to gather further details. 
This section includes questions such as: 
 Does your company offer/design modular or monolithic microfluidic devices? 
This question identifies the respondent has the first-hand experience of dealing 
with modular designs.  
 How important in your opinion (and/or in vision of the company) are the 
interactions between sub-sections in the modular device (for microfluidic and 
for any other device)? 
This question identifies views of the respondent on modularity and sub-section 
interactions. 
 Did your company influence sub-section interactions in any way? 
The answer to this question provides information about industrial practice in 
companies dealing with sub-section interactions. 
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